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Abstract of JP10287493 

PROBLEM TO BE SOLVED: To prevent the value of spontaneous polarization from deteriorating when 
forming a ferroelectric thin film, especially a PbTi03 ferroelectric thin film on an Si single crystal 
substrate. SOLUTION: This laminated thin film Is formed on an Si single crystal substrate and 
composed of an insulating intermediate thin film and a ferroelectric thin film laminated through the 
insulating intermediate thin film. The ferroelectric thin film is a (001) oriented epitaxial film having a 
perovskite structure. The insulating intermediate thin film is an epitaxial film having the perovskite 
structure and the thickness thereof is 0.3-5 nm. The thickness of the ferroelectric thin film is 2-50 nm. 
Furthermore, a value of the thickness of the ferroelectric thin film divided by the thickness of the 
insulating intermediate thin film is 1.5-50. 
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^cty. ^fbtL-SD-EtXx'J vX!f#ttfi. PbTiO 

ct^'jr-So L;^)^L. Z(D^m»mit^ PbT i 

os'^Sit p L Tmmtom.M'^fS.t LT^A^fcttfffit so 

m^ti^o ytmmm^^iz^i^x. PbT i 03aiM[ii± 
mftti^^n^^tizts^cDx^ pbTiozmmo)^ 

[0 0 3 0] Lt^L. zHfz[fx\tmmmm(o^mm.i± 

< L. ;E)>-op LT^Bicfcy *,p b T i 03-»a^]*<-r 

m^j}. PLTmm'^m<r^t. PLjmmiz^^ 4o 
p b T i 02mm<r>j±mj^:hm±t<^'^m\zts^t^x 
fzt<. mm^mab^t. plt^sh^o. 4mms,tm 

< LTt^PbT i 03aiKi3i±iii^:^^^i:*i±^- 1 

;!)<T*#. s i m$SBlS:fi5±f:: (001) m-S£fR]COJ¥L^ 

mmMm^mf&-t^ztt<-^^x&^z.tt<t>t^'ofz. 

ibt^-ofzo P b T i 037!)<. (001) iBfn]$g^i: ( 1 
OO) ifil^i^B^<t7b<;E:£Lfc K>-<>«itfC3^j:i>:i<!: 



'^L^p LT'^Mii. PbT \ ozMmomizitmL 

PbT i O3C04S^(7)mSc14^»T-3t6ilJ^(ifc-ro 

^I'omm^^mztttzi^^^it (ood lefsi^^Bi: 

(100) iErSl*gHli:(c:^;!)NH-r. zcom^. (0 0 
[O O 3 1 ] )il±(D^5\z:$i^BMXit. ^uyx±-< h 

«it(7)§tgim^*^fli^^i;«s-^a^. s i ms^rRSis 

±^zJLt:^^iy^;'J[^m:tLXm^^i^^:ztt<X^^ 

mi^mm^ (ood wd{^a>m-\^^^>mt^^zt 
t^x^^o Lfzt<^x. "r^u T^izi^^m^^mzmisbx 
m^tjis \ mm^^^^mi^x. ^(D±iz^%^m<Dm 
isbxx^tii^mmi^^^r^fSiir^ztt^-^mttj::^^ 

[003 2] tz^x. ^mm^mm'^^t.^mmmm 

(i. m7Lit)iiT(D'tCDt^mk:>tlXl^^o 
[0 0 3 3] !f#^^2-2 3 2 9 7 4-^^2^ffi(Z(i. Pb 
Ti03^ PZT (PbTi03>/PbZr03) ^fzit 
PLZT (La/PbTi OiXP b Z r Os) MWLt. 
MgA I 2 04SIBIt^aSLfc^TP|g^#^«it3b^ieK 

< . ^J^(^3nm-3nm<^-r^-<t)^)<^^^LL^gC0taK^< 

[O O 3 4] !f^gg^4-6 2 7 1 5-§-^^^IC(±, '>fj: < 
<t 2^ScZ)§lm^*^fflL^tc»M^aJS Lfc*B«5t^ 

M^mt^mm^^i^^nmrn^^xi^^. m'j>miz 
mommmxit. s im^ommiz. j^^i. 2±o. 

ZumCOA I m^S^J^iilcL. C(D±(::, B a T i Oafg 
alM^bPb (Zr. Ti) 03|gB^sm^^^tL€tL3nm 

X z os^mzmmLtz^^mmmi^m^j^^mLxi^^o 
zommmxitA i mffis^^n^LTs i mm±iz^mm 
mi^^m^^Mi^Lxi^^fzisb. ^js^m{*K^xt-^^v^ 

[0 0 3 5] !SM^6-2 3 6 8 2 PL 
^^(Omm^^miXl^L^ 0H-:5-35:tSl3«jiLTM^§ 

it. T a2O5m(0if^mmmibxmi''mn^ -zi^^m 
t^i^u^mmt. i\ko^mmi*^mmt\z^'Dxm^i'm 

^m^^mmmmmmm^mmLfztLxi'^^. L;^)^ 

L. l^li;^^ICfB«$tltc*^Mttffi«IM-e[i. Ta205. 

s i 02, Si 3N4^(7)^^JK^:^>L-c^p:^X:^'< h 

(00 1) m-iErpiiBi<!r?^j:b-r. s^m<ii^mm^\tm 
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[0 0 3 6] f^r?II^7-3 8 0 0 4-^^^(3(i. d^-Zj: < 

^®(ZJ1$ 2 O Onma)?&^^bJBI$Ji$J$L. ^CO±(zJl^ 
3 0nm(7)T i m^^lSm^ 2 0 OnmOP tm^:m^XBf& 
L. ^bCl. Jl^O. 07 fim<DP LZrmt^-^O. 
^ 3 um(DPZTmt^mmLXl^^o PZTfll^S^I/ 10 

p LZTjKfi. i^rHtV)i^^*)\^^iz^i)mfS.Lfzm. 
wmm^^^'eti i jso*o^*+t* 2 jB«tjg-r ;z <t l 

^;^}ir*(i (0 0 1) m-SBf^cDxe^+v^;ujMi:^ 

[0 0 3 7] t^^¥7-8 2 0 9 7-^^^|Z(i. ^^£-5 20 

^(D^mmXit^ N b K-T^Lfc^i^B^S r T i OZ& 
^±{z^ S r T i Os^^IRi: B a T i Os^Ki: ^^mz 

<. ^mmt^mmo^'f-mmzRi^-ts 

[0 0 3 8] 4#IIB¥7- 1 0 6 6 5 8-^^^(Cf±. mtSi 

^m^^^^r^zmmomm^^mzytmL-cts^mm 40 

mi*^mm ( P b T i 03 : Se$^ O . 3 9 nm) t-^ 



mfrStM^brJl^l OninCDS:Sm«;»M^cr>aHtt;TMi. 

^mmi^mmt<^i^&^izm-r^^fzisb. mMz^mmi± 

[0 0 3 9] i^r?fl¥7- 1 7 6 8 0 3-§-^S(C(i. 
^^rl^^o f^^^COHSS^J 1 TMi. S \±\ZPX^m 

'^H(PbTi03) ir^p::^^:^^!' hMSSiSiai** 
S (P b Z r 03) i:^. 1 JifcfcycDffiJS^Snm^ L 
T2 0)SatJir^C<!:(Zcfcy. iBS«**^§/c<^ LTL^ 

[O O 4 O] PHYSICAL REVIEW LETTERS 77. 1628(1996) 
IZli. S r T i 03mfgB^^t5±IZ. (P b T 

i 03) ^BI<h:S:Rmft (Pbo.72 Lao.28 03) 
^Sci:(c«JgLT3i^«ft^TP«iS^}^J$Lfcl-CD« 
^A<&>5o M*Ka)Jl^lif^— T^SboT. 1 Onm. 4 0 
nm^f-fi2 O 0nm^i:(7)T% :*;^0^C7)«i$<l: liM^f-So ^cC 

[004 1] Appl.Phys. Lett. 68(3). 15. 328 (1996) fc 
fi. ±IE4#r?^^7- 1 7 6 8 0 3 -^^S^DHiS^iJ 1 <!r 1^1 

mz^ i^cji^cop b T i ozmmt p b z r os^^m^ 

5-- 1 O OnmA^t>iS#^^tL. -^1+15^(^2 0 Onmr^fe 
-t;)«^ICfcL\Tt. ±ISi^^¥7- 1 7 6 8 O 3 

[0 0 4 2] zay^oiz^ m.^^ 5*S«frSBI**t;a 

mnm\^^^^xi^^tK ^%Bmn.mmmtm\:.m^ 

[0043] ^fz. ^2t*^^t)tLTL^^Mg0^1£i:^^ 

mt(Di\simm<D^i'^iz^^^\'D^i)jtti(K>m±'^. d 

0 0) IBfRlih (00 1) iS^Rl<t3^}<;S^LTL^'S) Ky-<> 
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[0 0 4 4] :^%BM{Z^i')'^i^tl^m%^mmt^X^< 

[0045] 10 
[0046] ^Jl'^^ 

&oTtcfc<. S5iBim*T*&oTt J:L^o ^'cCfc. *feiSt 

;^)^^coL^r^i^#^::IS^^*^^cCL^;^)^ »^L<(i. ^mie. 
[0 0 4 7] mm^^r^mm(o^&m±. i x i 

04Qcmm±<t-r^o 

[0 0 4 8] ^ifliScD^^f 2fIJil± 

JSa)m^:^:^2fim±^0'»ffi$fflL^T^;<tL^o 30 
[0 0 4 9] «Jg3SIM4^lcfc(t^?i^^fr^JBla)aft^<2 

ii^a)^^m»jK*tf^^f::i OOnm-1 urn 

[0 0 5 0] mmmm^MfS.i-^mzit^ ^mm 
wmm^BmL. :^xi^x. mmi^^mmm'^mmL. c 

[005 1 ] 

mmmm^(D^mmi*imm(r>]^^i^. 5onmiaT. 

L<li3 0nmiaT. J; ij^if* L < Ii2 OnmlUT. ^bfc 
i^^L<(i1 Onml^iTT?. ;f)N-3 2 nml^JL±. ilf^L<Ii4 
nmia±. J^y$?^L<[i6nml^±. ^ b f::*?^ L < (i 8 

^#fc, s i ^te.t3t^m*a^Bl^c7)^^»?fmS!^^7)^L^ 



z0j;E:±i^i^^D-r'S)frA6fc5^^mft»K(± (10 0) IE 
rp]iiigB^H<t (00 1) iBfSiigBi^;b<;i?^fc hV^>«jt 

Wtt^^ trijailX-r - <t ^ y ^ C ^ -t± ^ c t ;b<r* ^ 
t^tzlsb. J*^(ia^£-et 2nm ms^^^) . ttf^L 

[0 0 5 2] mt^^^r^mmcom^it. 5nmjuT, ihF* 

L<(±2. 5nmiilT. ^^)ttJ-^L<lt^. SnrnJiiT. ^ 
h>\ztt^'^L<itO. 8nmJUT. ll^ji^^L<[iO. 5nm 
lilTX^fc'So fzfzL. I*^f*. «j|fc7E^a)m^®JU± 
ieS^^-e&'&fc*^. -figlco. 3nmWL±X&^Ztt<m 

m^izi^LW.L^m'mw^^omm^^m'oum^mfz 

[0 0 5 3] ^^m<*f*JS(7)Jl^^*feiStt4^rBi«isa)ji 
^r^^L^riEii. 1. 5-50, $?^L<(±2~2or* 

^mmm<^<tj:'DXL^o. -yj. ^mmt^mmfym 
^x. m^itPbT i 03mmxitm-\^^-c>m^t 
[0054] mmmf^c ^n 

[0055]BaTiO3;PbTi 03. ft±Si7C*^ 
^5^^>^fe\ PZT (i^JU=l>5^^>^ft^) . PLZ 

T (vvi.=i>5^^>K^>^>fp^) ^corn'^'^p:^^x±i 
h^fc^l^ ; B i ^^□::3^x:^D-r h^b'&1^?^d:<l:o Jil±cD 

[0 0 5 6] ^P^X:b-f h^^*4a)5^. B a T i O 

a-v^. PbT i ozm(D^^M^^z^:^i3^ h^b^^/cfif 
fi. -*Siz^b^iCAB03-ea^;K^o cc-e. Afccfc 

i;Bli#>5^^:^>^a-ro AliCa. Ba. Sr. P 
b, Na, Li. L a fccfcU^C d ;f}^ bSl^tlfd S 

]^J.±Xi>^Zttm^L<. BliT i . Zr. Tafc<fc 

i^^mmmizmLfzto^m'^m^-th.it^i^o 

it. ^mmi*imm(D^n\z\t. ^m^^mz^iyx^mm. 
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[0 0 5 7] z5Lfz^uz^y(.±^ \-mit^mz-^{f:^ 

n^L<itO. 9-1. 2V&^o 
[0058] A/B^CC7)J;5^ClSHl^-r'&C tlC^fco 

[o o 5 9] 35f^b\ *:^ffl»rM*. PbT \ 03tj:^a) 

cfc 51:: A B Ox (cfclt^ OCT) It^ X ^-r^r 3 <t LT^ 
^LT&^;b<. x(i3fz|S^^tL^ta)-Cfi3^cCL^o 

BOx^Zfcl^T. xCDfiiliv 2. 7-3. 3 ^JS 

r*&^c ^^^5. A/Bfi. ^3txi^^«T>4;£)^t>^^'5:i 20 

[0060] :*;f§BJ-efflL^^AB03^a)'<□::^x:^-< 
h^b^l^at LTii, Ai^B5*03. a2^b4^03. a3^ b 

3+ 03, Ax B03, A (B' 0.6? B" 0.33 ) 03. A 

(B' 0.3 3 B" 0.67 ) 03. A (BO.5 B0.5 ) 03, 
A ( Bo. 5 2+ Bo. 5 6+ ) 03, A ( Bo. 5 Bo. 5 7+) 03, 
A3+ (BO.5 2+ BO.5 4+) 03, A ( BO. 25 Bo. 75 5+ ) 
03, A (B0.5 3+ B0.5 4+) 02.75, A (B0.52+BO.5 
5*) 02.75 1|(7)L^-ftLT*feoTt J:L^o 

[006 1] :i:<*fi^lZfi. P Z P L Z Tm<DP 30 
^^-^7.tl-( K-fb-^!^. CaTi03. BaTi03, P 
bTi03, KTa03, BiFeOs, NaTa03^ S 
rTi03, CdTi03, KNb03, LiNb03, L 
i Ta03, ^^UZtlibCOm^t^^X^&^o 
[O O 6 2] /d:fc\ ±SBP Z Tli, P b Z r 03 - P b 
T \ omCDm^i^Xh^o ^fc, JilBPLZTli, P 

IBf-tA^X-ff, (PbO.89 —0.91 LaO.11 —0.09 ) (Z r 
0.65 T i 0.35 ) OdXTjk-^tl^o 

[0 0 6 3] ^fz. m^^o::^X±>( S^k^!fe|tD5*»B 40 

i ^mmt-^mt. -m\z 

xC B i 2 Am-1 Bm03m+3 

(i, Bi, Ca. Sr. Ba. P b ^3 cfc I/4fr±^i7ci^ 
(S cfccfcl^Y^^t;) CDL^-m;f)^r^fey. Bit. T 
i. T a fccfcU^N bC0L^-rtlA^T*$»-5o Mftfi^JfZli. B 
i4Ti30l2, SrBi2Ta2 09, SrBi2Nb2 09 

[0 0 6 4] :$:%BM{zmi^^Zttm^Ll^^^y7.ti 50 



3?X^-f h^^b^l^, 0lJ^f^B a T i 03. S r T i 
03, PLZT, PZT, CaTi03, PbTiO 

y . ck l-Ji?^ LL^^,^7)^^B a T i 03, S r T i 03, P 

ZT. PbT i03. ^±m7tm'^^T^>mf^xi> 
[0 0 6 5] ^mmt^mmmm^ntL 

Ti^^C$^^LL^=LcD^i. PbJiOa. ^fzltR (R 
Its Pr, Nd. Eu, Tb, Dy, Ho, Yb, Y, 
Sm, Gd. Er^^rSLaf^ihm^^tlfzi^^tji^t^ 

^m<oi^±m7tm) . Pb, t \ tap^zsizo^^mr^ 
p b T i 03T*fe^o p b T i 03fi. e^^s. mm 

fi. ^t^ii^pTtfe-efcofcp b T i 03a)xe^^i>-v 

jmit^mmx^^o xe^s^^^pv^^uBi^bfz^tj^ ^- 

iBrplTMi^i:L\tjt5fc(DP b T i ozMfSkxmMx&'Dfz^J 

bT i O3:*^c0illb4^tt^fijfflT*#^o 
[0 0 6 6] *fe3ittt4^rBi»m«i$*J*4fi. a$*S 

^mtmi^^\z^ptjii^^^>m^^fz{tPbT \ 02t^ 
[0 0 6 7] :$i%B^vit. f^i±m7Lm'^^^^>mf^t 

(Pb + R)/Ti=0. 8—1. 3. 
Pby (Pb + R) =0. 5 — 0. 99 

(Pb + R)/Ti=0. 9—1. 2. 
Pb/ (Pb + R) =0. 7 — 0. 97 

ommiz&^mf&cot<D^mi^^:itt<ti^^Li'^. z<d 
mm(D^±m7tm^m^^>mmt. ftsi^s-i ae 
6 2 5-i"(zr3f1^^tLTL^^o ^±m7tm^±t^^mx P 

b T i 03lc^iJD-ri>C<bfzJ:Lj. Ec^i&T-^ii^Z 

tt<x^. Lt^=b. "ti^iz^tiiomm^mmp rco»<}^ 
^im^^ztt^-^mttj:^, ^fz. ±tmmxit. 
mt^^\:.^i±\z<i^^±m7tm^mmf^(ox. u- 

<Dmmnmzm9Lxi^^zt^'o^t6bfzo ±tmm 
x\t. ^±m7tm(ommtmt^m.mtj:^(otLx&^ 
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[0 0 6 8] tjin. ^mmt^mmtff^mi^^mmmt^ 

^<t^tzisbiz, ^mmi^mmop (Pb + R) 
mmi^^mmm(Dtti^ y < ^j:^ ^ \zmmmco 

[O O 6 9] ^^±^l7cm^:^T^>^l'pMcfcL^-C. R 
PbTiO3fia$ft:0. 3897 nm, c$6:0. 41 

[S]fc5^fi|*S^J#Oo CCDigsl^fl^li. atft<tc$fti:CDii: 

mmnzi^^^wt^ti^mK (Ec) ^j£T^#^c<tA< 

t: §-^o RlU4^CD^±!S7r;m. 0"J^(^ C a TMi. 

p b T i 03CDB+l--f h(c<iS-r>5)7cm*b:Sift-r^C0 

[0 0 7 0] i?&±^7t3^#=&^^ V^lbMCfcLxr. (P 20 

b + R) yj I m^tsr^^tffi^^^o>^m^^t<misb 
ti:<tii^)^ (p b + R) yj i t<x^-r^^tis^mt^m 
mommtmmtztji'oxL^^c mtz. (Pb + R) x 
T i ^±t^mmtt^:^tiz^i')^ B.titftj:mm^\^tm 
hH^o Pb/ (Pb + R) t^^i^^-f^^t. ^n^m 
7b</jN^ < tji'DXL^'^ tmmzmiim^ ^ ooo)^j,±t 

:k^<tj:'DXL^o. -^5. Pby (Pb + R) t}^:k'^ 

^^t<:^-\-^ttj:^o Pby (Pb + R) ^±t^mmt 
r^^tit. ^mmi^mmcomfSi^^^^'^^-t^^oiz 30 
pm-r^^tiz^-oxnmizmmxt^. pb. Ti^ 

^U^RCD^mmit. m^xfi^^^myiilz^t)^ib^ztt< 

[007 1] -mzP b : T i : 0 = 

1:1: 3xh^t<. :^mMx\t'Mu-r^R0mm^^ 
xsmiz^'oxm.mcDitmitmti:^) ^ ii^. 2. 7-3. 
3^ijg-efe^o 

[0 0 7 2] ts^. ^&±^7t*#*T^>^l9"C(i. T 
I (D6 0J^^%1UTA<Z r , Nb. Ta, Hffc^fcl/C 
e(7>'>/cf< 1ar*Mm^;KTl^■rtlJ:L^o 40 
[007 3] $5 fRiBfn ] 

s i (1 00) mwLcr>mm\zMfS.'t^zttm^Li\ 

^mmmt^ (oo d m-w.\^x&^^^. mmm 
m [10 0] //Si [o 1 o] T^fc^o -r^ft?**. «B 

[0 0 7 4] ^^CDC^TMi&^A<. »Ji»K43T*. 3^ 50 



mmi*imm [i ooi //s i [o i oi t^-Dmm^^m 
mm [1 0 0] //s i [0 1 o] r-feu. si^mfratM 

\z:^^-t^n^±i>w-^x&^^ttm^Li\ 
[0 0 7 5] :$i^B^(Dyimmmit. xe^^vA'jui^-c 

mM^'ff-Dfzt^^ ^^tt^m)^m(D=bcoco^m(Dt: 
-<?^^f3<m^t-t^m (^mmx&^(r>x. ^^^^ 

moV-^^^C he-^t^i;) (7)«;^e-':7^jgco 1 o 

(OOI) m-iSfRiK. rut>-i^cmm-mr^mx\t^ 
may 2 e - e xm\B\mx (ood siana)j^l^t=— ^ 

<D^&t<. ( O O L) S^lt(7>S:^ 5tjt(7) 1 o % 
L^X (OOL) li. (00 1) ^ (0 0 2) UilCDmm 

tj:m^mmi-^m7j^x&^o m-iz^ mmi^^x-ym 
tL. mm':^i^^z^tLfzt^. mmt<x^. 
^xfz^-^mzt%\zm^xm\^Lxi^^!^^iji^^^o 

HEED^bli. ^S^l^iSm^i^IeltfT (Reflet ion High E 
nergy Electron Diffraction) Trfe^. RHEEDpjl 

[0 0 7 6] *^B^T*(i. 5^^l:<*^IBI(i^p::^x:b>r 
h«a£t7) (00 1) lBfpixe^^v-\';uK. -r^i:t>*.m 

[0 0 7 7] /<-y:7T^M 

mt^^xsy'^fzit.Wi^m^i^-jyTmmt Lrigit^- 

mnwmm.a>^y2um<j>fzi^{z^^t^mn.v^mmta> 
T^\zm\ik,^^mmxth^. tj:n. Mit^^mmit. 
mit^t Lxtwtm-t^o 

[0 0 7 8] mim^mm\t. TtH^^bv;uz3-'^A3^ 
jst^h>tji^t\ ^ i^\zTtm±mMim^m^tz\tTU 

K^bi;;u=i-OA^li^^p:^^x:^-r h-Tt-feji-^stis^* 
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[0 0 7 9] ^<^:^y7mmtLr<Dmmmit. ^Witm 

[0 0 8 0] /<yy7MmtLxo:>mmmit. ±mt^i^ 

[008 1 ] /<yy7mmiztsi^x^ s i 

xC 1- 000<mxFO/nxB^1. 050 
1. O O 0<m xFO/n xB^ 1 . 020 
^ 1. 005^mxFO/^nxB^1. 010 
iS^XSmitM^±<D^^X&ho xFO > xBCOie-^. m 

^t>it (m. n) (i. m^lt (2, 3). (2. 5). 
(3. 4) . (3. 5) . (4. 5) tjiHtm^Ll^o 

Z(Di^^(D (m. n) tLXit^ m^it (3. 2) . 
(5. 2) . (4. 3) . (5. 3) . (5. 4) tj:t* 

(m, n) =^±t^tmmX&^t<. C(7)ii^(Z)^§^Sa 

xB. xFoizit. mm^ayxtj^ hmm.^^^tLtz 

[0 0 8 2] zo^^ta^i^^m^t^^mnwmmt 

)^mz^l^x^mmii^mm(o^^t/^-JyTmm(D^T 

mmmp^iz-^jt\±mjtti^±c^ii:^ztt<x^^o 

ri\(D^xy^ V h^^^mr^ztiz^-oxi,^ mmizm 
fA}^mx^mmi*immm\f^\z~:^7t&mjt:h^±ci^it 



^fznb^ 5^iPB#(cs \ m^t<r>m(^mm^m(Dmiz^ij 

zcotzisb. ^^'^^t>-^^ztiz^i)mi:c}^ti^mo 

^mmi^mm^tzitKi^ftti^m-r^^mmi^mm^m 
^mmr^ztt^x^^. 

[0 0 8 3] Jl|ExC^CfcL^-CmxFO/n xB;b<1 lilTfZ 

^j:\z^^iy^jufii^^i±^zttmmtt^^). mmm 
m^(r>^mm.i^mm\zwTm(D^mi:t;t^^± c^it^zt 

[0 0 8 4] JUT. y^-^yrmmtLxmi-^i^^i^Mit 

m^r^m:^<^xs'^mmiz'oi^xmmizmBM^^o 
[0085] m ^^^m n 

■r^;6^. ^&±Si7c* (S c*5J;i;Y^^t;) icJ:y^S 
20 ^t^tLfc^^bi^;u=i-^A (^^^bv;u=]-r) 

i&t^^. z^m^mif^ztiz^i-j^ ^<o±\zmii'hy 
zomit. ^mmi^tcoi^^m^m^j^i^fzisb. m^B\± 

[0 0 8 6] MitiyJi.zi-'tfAn^lS'S^iti>Jl^:=i~T 
li, Zr1-xRx02-<5 {RltS c^^XSy^^t^^±m 
7tmx&^) X'mt>^^^Mf$,a>=L(Dtm^Ll^o xtS 

Ce. Nd. Gd. Tb, Dy, H o J: E r ;f)^ b5M 

30 ^i^H^i^-tJi<tt^mxi>^ztii<tkf^Ll\ 

[0 0 8 7] ^^bi^JU=l-OA^JS(±. m-C7)3^H^HlBfaj 

^-r^mizm^xiti&Btm^-t^fzisb^ 'to>±<oms 
m'^^mm.i^mm(DJi\z^^i^^j\.m^t<^-B!mztj:^ 
tzisbx^^o mi^^\z\t. (001) SBrR]a)m^ffl-^W 

it. myj^B^fzitmm^co (ood m-sEfSix^fe^ 

An. iiyj^BCD (10 0) m-IBfR]T*&^C<h;E)<ii?^L 

<. xe^^v-v;^BlT*&^ztA<cfcy^^^^LL^o z<d 

40 .^5^d:mj??'d:$SB^B'ttt7>^^bv;U=i-':7A^IS;b^J^/?£r-# 

:=i-OM.^.m±izS:W<D'^mm'^mmmm±mibti^o 

[0 0 8 8] SI (1 00) K^b!fei4^rBllB 

(Zn-x Rx02-5) tmm^^Xl-^^t^. ZtUbO 

Zri-xRx02-5 (ooi)//si 
(1 00) x&^ztt<thf^Li^o 

[0 0 8 9] Z r 02 ItM^^t'^^M'.^lZt^ifXiiyD^^ 

tzisb\z^±m7Lm'^mmLtzta>tK S^^bv;u=i-7 
50 x&^o z n-x Rx02- smcDf^^mtxcommiz^^ 
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f ^ c Jpn. J. App I . Phys. 27 (8) LI 404-L1 405 (1 988) 

iL^j^BXith^tK m^it (10 0) m-i2fR]ii^ibn 
(111) @Bfp]c7)$gsi*<;iA-r^o je:^h^^ 

trlim^p^irJ^f^Mmtfli. J. App I. Phys. 58(6)2407-24 
09(1985) -5 fc. tfcfc ^ <!:"r^=tiC7) 

lil^O>aSfplSA<;lAL. ^-i£fS](7)xe^^v-v;Uflili 10 

[0 0 9 0] Lfzt<'0X. iLZ^a^H (1 0 0) m-lBfSli: 
-^^SfzA^dfi. Zr1-x Rx 02- (5 iCfcL^T X (iO. 2 
-O. 7 5■Tf&'i>Ct;^)<^^f^LL^o x (Dcfc U 

ttf-^Li^mmit. o. 2-0. 5 o-efc^o ^^bi>;u=i 
[009 1] S^^bv;L.n-rA<^t;^&±^7ci^f*. s 

[0 0 9 2] tj:^. mm^m^^^ts:i'^Miti»\.^=^o 
Afi. it^^z r02 xmt>^H^fi<. ^±m7tm^m 30 

X 02- ^fc^jlt-S^fi. M^. 0-0. 5<h/ci:'5>o 

[0093] Zrl-x Rx 02- 5 (CfcL^T x O . 2* 

mxh^mm. mz. mm'^m<miS.^m^\znif^z 

^^bvJU=ixr^A^JS4^co^f(l^f^> 

ct''J^i?^L<(i9 5mol%l.:Jl±. ^b(Ciif^L<(i 
9 8mol%lJJLJi. Jlt$?^L< (i9 9. 5mol%a±T*fe 

^i^fc^.^i/z r^m<mf$.5tm\t. ii*^. iit±^i7c so 



^Z5 9 9. 9 9mol%liJgT:fe^o ^^(T^iSiffiJS 

^bftlif^-rriiz r 02<tH f 02i:c;)5>^t^i^tLL^a)•r% z 

rO20)MJg(i. Z r +H f T^CDftJtSfiLTL^ 

-So Lfzi3<^X^ :*:|^*ffl*frfclt^z r 02(7)*$Jg[±. 
H f ^Z r <!:^f^7c^<!:^?'j:LX»ai^tifcfilX*fe^ 
Tb^ H f O2fi:*^^0J(3fcMt^Kibv>iU=ix't7A^Sfz 

^3L^XZ r 02i::i:<f5]:^f-:ei^-r^trtf). rnlMfi'^J: 

[0 0 9 5] J^cCfc. ^^bl^^^rBlM^ff^^^^iS^. ^^b 

SfeU. ^ffiaS#iaA^5^< (^J^f^SnmflJgl^T) ^^b 
^nrs i 02 7^d:ci:a)K^bB;b<]^J$^tL^Ci:7b<fe^. 

[009 6] i^±mmit^Jkm 

^±mmitm^n\^. Sc. Y. La. Ca. Pr. n 
Sm, Eu. Gd, Tb, Dy, Ho, Er, T 

y btiJ:iSLu<D^pts< t=b^m. ^\Z^ Ce. P 

r, Nd. Gd. Tb. Dy. H o ^^XSB r (D^l^tj: 

[009 7] it±mmit^Jk!S^ ( o o 1) SEfRiCD^^b 

^±mMitm^mit (ood ^\^tu^<ox^ iioi^ 

mmzit^mxi>^a ^^b!fei4^rBiSii: Lx±t^Lfz^^it 

7.t<^^^. za),^l::^^L^r z r 02;SttjSK(::*^o 
^0)^^. mitiy)\.:n~rtfi^jkm±iz^±mMit^^m 

MxfeoTt,ct<. lKJl:^fR](=si©j*A<S^b-r^M^fllat 
*±^K^b1^^Jg{PJjf3^MtT. ^^bv;u=i-^A5^®4^ 

z r^mm^^.^^tz\tmfi^mzm<}^^^i±^o " 

ASJ»i:^&±^IK^b!|*i^B*ta)rBlc7)1^^a)Sx:7>r h 

\zmmt^^±m7tmit. mitvji^zi-'^M.mmiz^m 
[0 0 9 8] miti>)\^zi-rtfi<j^m^^isn±mmit^ 
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<p^mmt^ztt<x^'^^o A I fccfcixs i (i. 

[0099] ^ay>t,±^ STtfeB 10 

^n:3^x:^Y hTtteSli. ^p3^x:^>< hmit^^ 

$?^L<{iBa T i 03, S r T i Oz^fzitZtl^ 

[0100] ^J^fi. HU^LfcP bT i 03»JSi:P L 
^#'S^<^^iMLL^7^)^ B a T i 03^A^^,^i:'S^P::?X 

[0101] ^fz. '^^-t^m^m^. Mitiyj\^^~o 
j^j^m^fzit^±mmit^jkmizmLxmfiir^i^^. 30 

mm-t^<^otj:lEyj^ (00 1) iSfRl^t-(i5i:^H^H (1 
0 0) ^ma>m^m^m^:it\tmLi^-f}^^ SaJio 

^it (00 1) ^-EFrI. -t^^cf+^^S^aSach^^Tlzc 

mt<m-\z^\^Lfz^ox&^zttm^L<. styj^B 
x&^t^it (10 0) m-iErRi. ttsit>-^^^mmt 

[o 1 o 3] ^LT. ^^bv;u=i-'^A^JS<!:^p:;^x 
hT±feJS<!ra)^^:^^^^li. ^p:?X:^-< h (0 
O 1 ) //Z r 1-x Rx02- 8 (00 1) //S i (10 

o) , t^r>^nzf:x,t}>( h [ i o o] //z r i-x Rx02- 

5 [1 0 0] //S i [0 10] T*fe^Z^;t)<^^?^LL^o 

mx&^i^^xt. mmp^iz^i^xt^fs\±ii<w-nx&^ 
ztt<n^Li'^ti^5^.xitm^x&^o 50 



[0 10 4] SSfi 

Re. Pd. R hfcJ^t/R u(7)d/">^c£< 1 fi^^ 

(D«^1±^^b!Bg^^t;«jf4X)<$?^ LL^o 

[O 1 O 5] N a C I ^^^bifel : T i O.VO.NbO. RO 
1-x (CCr% R : ''mmi>J.±<D^±m iSc^^UY^^ 

t:) . 0^x< 1 ),LiV02^o 

[0 10 6] X t"^-;U^^^b1^ : LiTi204.LiMxTi2-x 0 
4(CCr% M=Li. AI,Cr,0<x<2).Lii-xMxTi204(ZC 
-e. M=Mg, Mn. 0<x<1), LiV204, Fe304. 

[0 1 O 7] hMK^bl^ : ReOs, WO3, HxReO 

3(;z^T% H^R.O<x<0.5).MxW03(;zCT% M=^JS.O 
<X<0.5).A2P8W32 0112 (CCr% A=K.Rb.TI),NaxTayW 
1-y 03(C;iT% 0Sx<1.0<y<1).RNb03(CC-e. R : 
-mmi^J.±(0^±m (Sc^^lSy^^t:) ).Nai-xSrxNbO 
3(CZr% 0^x^1).RTi03(ZZT% R : -fIJlliL±(D 

^^±!^ (Sc^Jcfcl/Y^^t;) ).Can+1 Tin03n+1-y ("Z 

n=2, 3, . . . , y>0) , CaVOs. SrVOs, Ri-x SrxVOs (Z Z 

■c% R : -mmiii,±<D^±m isc^^xsy^-^t^) . o^ 

x^ 1 ).Ri-x BaxV03(ZZT?. R : -'mm)^J.±0^±^ 
(Sc^OcfctXY^^t;) . O^X^ 1 ),Srn+1 Vn03n+1-y (ZZ 

X. n=1,2,3 y>0), Ban+1 Vn03n+i-y (ZZX. n=1, 

2.3 y>0).R4BaCu50i3-y (ZZX^ R : -|l|il^± 

(D^±m (Scfcjzl/Y^^t;) , 0^y).R5SrCu60i5 (ZZ 
T% R : --?IS].U±CD^&±$i (ScJJcfcl/Y^^t;) ).R2S 
rCu206.2 (ZZ-C% R : '-mm)>A±<D^±m (Sc^J<i:t/Y 
^^t;) ).Ri-xSrxV03(ZZT% R : ''mmU±(D^± 
m (ScfcJzW^^t;) ).CaCr03,SrCr03,RMn03(CZ 
X. R : -S$lia±(7)#±|| (ScJJcfcl/Y^^t;) ).R 
1-x SrxMn03(ZC-e. R : -m^)^J.±<0^±m (ScfcJ: 
t/Y^-^t;) .O^x^ 1 ),Ri-x BaxMn03 (ZZr% R : -fl 
m^J,±0)^±m (Scfcckt/Y^^t;) ,0^x^ 1 ).Cai-x R 
xMn03-y (ZZX^ R : -fl^J.:i±a)^&±JS (Scfcjzl/Y 
^^t;) ,0^x< 1 ,0^y).CaFe03,SrFe03.BaFe03,SrCo0 
3,BaCo03.RCoG3(CZt?. R : ~mm\>^±(D^±^^ (Sc 
iScfct/Y^^t;) ),Rl-x SrxCo03(CZ-C% R : -flUiiX 
±<7)*±3i (Scfcctm^-^t^) .O^x^ 1).Ri-x BaxCoO 

3(zzx. R : -ii^a±o^&±^ (Scfcjctnr^^ 

t;) .O^x^ 1).RNi03(ZZT% R : -fl^ia-LC7)^^± 
^ (ScfcctW^^t;) ).RCu03(ZZT% R : 
-hC7)^&±^ i^c^^W^^t:) ).RNb03(ZZT% R : 
"Sigia±CO^^±^ (SciJj^W^-^t;) ).Nbi2 029,CaR 
u03,Cai-x RxRui-y Mny03 (ZZ-C. R : ~mi^iii±0^± 
m (Sc^JJzlXY^^t;) ,0^x^ 1 .O^y^ 1 ),SrRu03.Ca 
1-x MgxRuOs (ZZX% O^x^l), Cai-x SrxRu03(ZZ 
X. 0<x<1),BaRu03,Cai-x BaxRu03(ZZr% 0<x<1), 
(Ba, Sr)Ru03,Bai-x KxRu03(ZZ-e, 0<x^ 1). (R.Na)Ru 

03(zzT% R : ~mm\>ji±(D^±m isc^^uy^-^ 
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t:) ). (R,M)Rh03(ZCT% R : -mmU±(0^±m (Sc 
^^Ify^-^t:) ,M=Ca. Sr,Ba).Srlr03.BaPb03. (Ba.Sr)P 
b03-y {ZZX^. 0^y<1).BaPbi-x Bix03 0<x^ 
1),Bai-xKxBi03(CCT% 0<x^1) , Sr (Pb. Sb)03-y (ZZ 
T% 0^y<1),Sr(Pb.Bi)03-y 0^y<1) . Ba(Pb. 

Sb)03-y (CC-e. 0^y<1),Ba(Pb,Bi)03-y {ZZX% 0^ 
y<l).MMo03(;zz-C% M=Ca.Sr.Ba). (Ba, Ca. Sr)TiO 
3-x (ZZ-e. 0^x).^o 
[0 10 8] JStt^n3fX:bY hmmim (K2NiF4^$ 
•g-t;) ; Rn+1 Nin03n+i (ZZT?. R : Ba, Sr, ^&±^ (Sc 

Rn+l Cun03n+1 (dCT*. R : Ba. Sr . i?&±^ (Sc^Scfct/Y^ 
-gt;)CD5*»"fi^)iA-t, n = 1 --Ba^Safe) ,Sr2Ru04,S 
r2Rh04, Ba2Ru04. Ba2Rh04. Ho 

[o 1 o 9] /i^a^parmMit^ : R2V207-y (cc 
T% R : -mmi^Ji±(D^±m (ScfcJ:r/Y^^t:) .O^y 
<1),Tl2Mn207-y (CCT?. 0^y<1) , R2Mo207-y (CC 
X% R : -mm\^J.±(0^±m (Sc^^ttKY^^t;) .O^y 
<1).R2RU207-y iZZX. R : TI,Pb.Bi,^^±g| (Scfccfc 
t;Y^^t:)a)3*)-|i^m±.0^y<1),Bi2-x PbxPt2-x R 
Ux07-y (ZZXu 0^x^2.0^y<1).Pb2(Ru.Pb)07-y (C 
;z-C% 0^y<1).R2Rh207-y (ZZX. R : Tl. Pb. Bi. Cd, 
^±m (Scfccfcm^^i:) *»~^SaJi. 0^y<1) , 
R2Pd207-y (C-T% R : TI.Pb.Bi.Cd.^&±^ (Scfccfci; 
Y^-^t;) 0) 5 0^y<1) . R2Re207-y (Z Z 

Tr, R : TI,Pb,Bi,Cd. #±Si (SciScfcZJ^Y^^t;)^)^^ 
~a^ia±.0^y<1),R20s207-y (CZT% R :TI,Pb,B 
i . Cd. *±S iSc^^XSY^'^t:)(Do^-mmiii±, O^y 
<1).R2lr207-y (CCT% R : TI,Pb.Bi.Cd,J?^±!S (Sc 
fc^cfc t/Y^-^tr) CD 5 -t^'-mm\>Ji±. 0^y<1) . R2Pt20 
7-y (ZZ-C% R : TI.Pb,Bi,Cd.#±ig (ScfcJ^I/Y^-^ 
t;) a> 5 *,-fl^iU-h. 0^y<1) Ho 

[0 110] ^(7>j&C7>^^fcifel : R4Re60l9 (CZr% R : 

•~mm)ii±<D^±m (sc^jcfci/Y^^t;) ).r4Ru60i9(z 
ZT% R : -mmiii±o^±m (scts^isf^^t^) ).b 

i3Ru30ii , V203.Ti203,Rh203. V02,Cr02,Nb02,Mo02, W02.R 
e02, Ru02, Rh02. 0s02. I r02 , Pt02. Pd02 . VsOs , Vn02n-i (n=4 
;tJ^t>9^D^lg!{),Sn02-x (ZZXu 0^x<1) , La2Mo207, (M, M 
o)0(ZZT% M=Na.K.Rb.TI).Mon03n-i (n=4. 8, 9, 10) . Mo 
i7 047.Pdi-x LixO(zcT*. x^O. DHo I n^^t;^^b 

[0 111] ztibCD5Tt,!f$[z. I n^^t:^^b!fe^fc 
[i»mtt^p:^x:t)-r h^^b!feiA<if*L<. !t#lz i n2 

03. I n203 (Sn K— 3*') . RCo03, RMn 
03^ RNi03, R2Cu04, (R, Sr) Co03, 
(R, Sr. Ca) Ru03, (R, Sr) Ru03, S 
rRu03. (R, Sr) M n 03 (Rit. Y^^XSSc 

[0 112] (001) ^\^(D^mmi*^»m^Uf&L^ 



otr^m-^. mmmitiE:f3^ (ood »-ifiifiiT-& 

il^Wb (10 0) *-iBfnlT*fe^C«h?E)<$?^L 

<. 7^:^ai (000 1) m^o^mmwnm'kw^ 
jdcLcfedit^^i*^. mfiisfi (111) m-iBfRi-efc 

[0 113] je:^^ (001) gfifR]^/c(iiL^^ ( 1 o 

Bl± (00 1) @BrRir*&^Z<b7bW^L< . (Ill) 

(111) SBrp]T*fe'5)Ct;!)<ii?*Ll^o t-/-£L. mffi® 
/)<#JS;b^t)«^^n^ii#(^li. (00 1) @BfR]CD/\**> 

^r-^M-ti^ (111) ^^(Dnrnm^^w^m-^ztt^ 

Hie (00 1) @fifn],!r-r^fcA^)fz(±. ±fSL/-^PZ3^X 

[o 1 1 4] s i msiga^sffi. msis fcci:i;«jg-^jKcD 

[1 oo] //m^H [1 oo] //s i [0 10] xh^ 

h) (00 1) //mS® (00 1) //S i (10 

^.x\t.n^x^^o 

[O 1 1 5] m^lScDttffitafi, iiT^L<fii 0-7-1 
03Qcm, J:yiif^L<li1 0-7-1 0-2 QcmT^&^o 

msjsfi. mwm^nti^i^mjSi-^^xi^x^^ 

30 [0116] 4fi 

HfiaiL/zcfcai::. s i miga^^S^ L-Cli. Si (10 

o) ^^m.mz^n-t^'^oy^mi^^zttm^i.i^o 

[0 117] ^mcD^^^. ^^1^feJ:tj:g^ 
40 [0 118] ^ScDilSp^Btifi. XRD {xmMm l^fc 

E.D\^^^m.(DJ^^—>xmm-t^ztt^x^^o ^ 
FhAxm%\^fzmMm-^ {-\-M.^m^^) xmm-t^z 
[0 119] «j»^iM. mmmn<^zsmit^^mmit. 

XjSlHltffl^J:^ (0 0 2) m(D^m<Du^y^>^± — y 
(0^m^^t<^. 5 0" i^jLTttji^m^^cDi^^^^^mLx 

L^-5)Zi:A<^^^LL^o ^fz. A F I) miMtSH^m 

50 M*a^Rz (H-j|^^l$lffi^. Slpfi^SOOnm) \t. M 
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^Jia)SScDiiT*L< (is oo^l^±. 

.fcyii?*L<(±9o%]a±. ^bf3if^L<(i9 5%iii 

mB.m(DmXitB 0%iil±-CR z7J)<2nmiaTr*fe^<i: 

0 %ia±(7)®RfTT* R z ;{)^ 2 nmaTX^fc^ :i t ^ 

SSS^^ R 2 fi, J I s B 0 6 1 Oizm 

[0 12 0] □'v4F->-:>'±i-::^co¥^ii|iSfccfci;R zCOT 

7" ffjg. 4^IC0. 4"* fijg. JlIBRza)Tl®fli(±0. 

1 OnmfIJg-e3&^o 20 
[0121] ^fz^ RH E ED^t)b<X h'J— i^T^fco 

[0 12 2] mmmom^it. -fisizitf^L< (is o- 

5 O Onmff J^r*fc^A<. ifi^^Bi^tS<kZS^^m<mtj:ibH 

[0 12 3] ^^b!|^4^rp1jSa>J¥^fi. -)iSlc$?^L<li 
5-5 0 Onm, ^ yj?^ L < fi 1 0-5 OnmT*fc^3!)<. 

L^o -^tz. mim^r^m'^^mmtLxmi^^^'t(Dm 30 

^(i, 5 0-5 O Onm^Jg•T?fc^C«^:A<^^^^LL^o 
[0 124] Mi£^ 

lE^^tir. s i ^=E±(zz:ab^m~5afpiK-\^xe^ 
L<i±i6«>£. ^m^'7-2^ 9 8 50^, 

^9-6399 1 ^MW- 8-1 8 6 6 2 5 40 

izMyj^^HXl'^^mM^^mi^^ztfim^Ll^o 
[0 12 5] iUT. ii5t:^a(7>M»^j^LT. PLTM 

mcouf^iz-Di^xmrn^^o 
[0 12 6] yiMmm(omf$.y^}f. 

[0 1 2 7] m^mm.Mt. M^7\-::yypt^mifi^Hfz so 



2^«K-r'S7^;;^^3 7^)<5^S^:t^Tt^^o ZC7)7t-v;uy3 
l±. [e]Ktt4^:frLT^"^ SIzjSSE^nrfcy. CO) 
^— ^ 5(cJ:oTlHllE*n, *ffi2^^CD®P^T^[HltE^ 

[0 1 2 8] M*^Sili. ^^b1*:b*x^*&SS7^# 
^Tfcy. ca)^^btt:b*xiit3is^^S7a)K^btt:^*x^*& 
□ 8(i. ±t^7t^;^^3(7>^tCT:^lziES^HrL^^o - 
niccfcor. K^btt:^'xi±. l£:S2ia^T*^t7):H'l±;b<;^ 

fi. Pbo^^a59. T i Ox^^$pi o*5J^u:^&±^ 

Ttmmn^^ 1 3^)^iBS$nTL^^o ctLb^-^^asir 

[0 12 9] rp^^fl3i^LT^^bit^ (PbO) SfflLN^ 

^^(3 p b ^mi'^^twmnLx&^mmiznmLiz < 

l^7^)^ P b0^ffiL^^t#S^;E)<^^^l>;b^bT*fey. T 

i ox^mi^^mm=b. mmiznmmt^'Bii^t^h^x^ 

T i Ox(r>mt>^)\ZT i ^fflL^/--li-&. T I (*P b 
Ocfcy tlg^b^tl-^^L^fcA6. P bOfiT i {C^^^S 
^^nXP b :iMmm%LXL^5<Dxn-^L 
<^i:l^o 

[0 13 0] /dTfc. T i Ox|Cfc(t^x(i. il?^L<li 

l^x<i. 9. J;y$?*L<(il^x<l. 8. ^b 
(C$f*L<f±1. 5^x^1. 7 5. 4l^lzS?^L< li 
1 - 6 6^x^1. 7 5T*fc'So C(7)ct 5^fT i Oxii 

%^m<m^H^o znic^LT i 02(±. Jftx;^;u^ 

^^c. ^^Ltzmmmmmi^titjii^fzisb. mftam 
[0131] ^-r. ±ur\sji^^iz&m^'\zv K-r^o s 

s \mi^i^B(0 (10 0) ®^S«a®lz/d:'SJ:5^zffiL^ 
^C<l:*<$^^Ll^o ^fc. tfrfHL/c^^bv;u=i-OA^ 

If, ^&±^^^b!Bg5^H, ^P7^x:ti-r hTUbjg. mmm 

[0 13 2] ca)Sit:^5iTMi. i^M^^jr^i^mftSIlK^ 
0cm2ja±<7)®W^f$oa£ffi±f3 

(ii^fz/d:L^>6<. 3Eii|:^T'(i4O0cm2fMjSr'fe^o m^o> 
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[O 1 3 3] Ste^K^^^T-iDf^L. PbO. T 

[O 1 3 4] Jt]Df^;SSfis 5 O 0 — 7 O 0"C. !f^lZ5 5 
0-6 5 0°C<h-r^C<»:;!)^$?^LL^o 5 0 0°C^i^T?fe 

l£9^ttcDSL^5*^S^*3IBIMf t>;t^^c<t^. 7 0 10 

mffi®±i::5^Smi*»K*?^i$^^ii^f^t. P t irCT) 
[0 13 5] ±ia^^btt±rxt LTIi. 

i^^^K^j^. N02. =y^>i3)vmMm'^mi^^ztt'^x 

[0 13 6] zcTMi. ECRmmm\z^^^iyti)i.m 
m^mi^^i^^\z'oi\xmmr^o 20 
[0 13 7] M^Tfsz^yxmmmizM^mp^^i^^Lts: 

^Mm-^&it. 10-3-1 0-norrm^XA^Ztt<tti- 
^LL^o mm^l±(r>±]^^^ 0-1 Torr<t LtcCDfi. 

mis^^mxr ^iz^Lxit^ &^(Dmmiz^<Dj5.mt^ 
m\^i±mm^izm%^^xL'^^a>xu M^moi^t/ut* 

CO^^fil 0-4 — 1 o-6TorrCO^£l^E£:^l3/J:o•CL\'5o 

[0 13 8] ^m%}^\t. m'^\z-Amxi}ui^Lxm^ 

5-1 . OOnm/s. ^^)n^L<{tO. 1 0 0-0. 5 40 
0 Onm/sT'&^o J?£flli$JS^^ii1"^^ <!: J^BIilit^-S 

m<m^izm^t<±cxL^5o 

[0 13 9] T i Oxfccfcl/L a (i, Lt-ISI^^S 
;b<^l5±f=jS:^^^P LT3iJSB^(Z|Siyai^;K^C0r*. g 

n^^BzLX>r<s mmtmLi-^o :zH^xf^J^(r>^ 

mmi^^nxit^ mf^rM<u<. ^^jmfa^^BizjSn^m so 



mzmmL. pbom^m'^^omm^co^fa^Miit^. 
^m^ti^p LTmf^^Biz:^ii^^mizi^Lmmtr 

mmmiiib(Dm^i^it. m^Mti^^i^miti^^ti^p b t 
T i tom^^ 

P byj \ =E(Pb/Ti) , 

t. Bf&^Mz^mmi^mmommz^if^PbtT \ 

P b/T i = F (Pb/Ti) , 

E (Pb/Ti) / F (Pb/Ti) = 1 . 5 — 3 . 5 , 

E (Pb/Ti) / F (Pb/Ti) = 1 . 7 — 2 . 5 ^ 

cfc y L < li 

E (Pb/Ti) /F (Pb/Ti) =1. 9 — 2. 3 

hmj^lcifeaj^-ii^^K^cL^P bO(i3£l5^®-eW^^L. 

mm±\Z\t^uy7.i3>C h«jt(7)P LTBIf£(t5!)<J$:l-r 
-SC^blzT^-So E (Pb/Ti) /F (Pb/Ti) A^/h^-^^-Sib. 
K^fzPb^-h^(z#t3j^-r^Z^;b<SJII<t^i:y. 

(Pb + R) /-T \ <Dttmt<j&<tj:ijr^Xi^^B^OM 
L^^ay:^±^ \-m^i^t tii^Ul^o —yj. E(Pb/Ti) / 
F (Pb/Ti) :f)<;^^-r^^t. flt4^CD (Pb + R) /T i 

<Ditmt<xt<tj:i)t^x. ^pz^x^b-r hffla)ffe[zte 

[O 1 4 O] )il±mmLfz^oiZ^ P bOfcctO^T i O 

x^m%MtLxmi^xitmm^Mi^. =pi>t}j\^mmiz 
^^j^jjizMitL. t^-o&^i^f^^m^mmizm^r^ 

a>p LTmmtm^±\zBE.m^^\zmm^^o ^o:^ 

[o 1 4 1 ] za):^,^^*iJfflLTP b T i ozmo^^ 
n^nmt p l jma^m^'^^f^mmt^^mzw^jSi-t 

[0 14 2] fSM^mt^^ ocm2?Mjgia±r'fc^i*^, 
IIl6fc^t-J:dl3Sffi^[H]tE^l±. K^btt:b*x^^^sa 

m^(Omm,\t^ OrpmJ^l±T*&^Z<^:3f)<ll*LL^o H 
± 1 2 OrpmffSiistt^o 

[0 14 3] iu±. WJS»JK0)SS(i^:^>£cDI¥*ffl^iSB^L 
\y—^-r^\y-V^B:^]iitiiitmim.\zi^i^ 
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[0 144] ^f>|C. ::a):^;^^C^5L^TMB E^M^ffl 

[0 14 5] lil±TMi. ^±m7tm^^^^:ymf^i^(D 

btRut^^t:mm^mit^. pzrM^nut^iz^ 

fz. B i ^mitmmmiztmmx^^o s \ ^mitmm 
ffll^3fcL^r^,. M^^^xB \ <Dm^^±ii<'mi'^fzisb\z^ z 
ti^xmmmmt<^-\-^xi>r:>fzt<. zcoyjmizfsi-^x 

PbO^^.^^B \ 2 03m%'M\Z^^^;ZtX^mizW: 
'itX^^Zt^m^LXl^^o Bi^OiS'&t. B it< 

m^^mKm^m-^^izm^Bizm^jT^^^ix. xh-r^;^- 
[0 146] s i ^^mmmm 

[0 14 7] $£^B^Sc7)»ll^|gfcfcNt'SS®«l5tfi. 
f^M^t^o z^it. ^m(Dt^^f}<tii<tii<tj:^ztlz^ 

^)mmizmHfziM^(Dmm0m5ii}<mitL. ztiizi^jt 

LXJi:t^)\.^-a}Jz^)iU^^^t^^m\ztj::b5t-r^t^ 

^£■r^o ^^%it~mzmmizi^^^m&^mm'r^. 

ma. nb(DX^^COm^l^m^t<±Cfz^'^. 

[0 14 8] s i sis±fzK^b!t^!iaiK^xe^^v-v;i. 

it^mm-^^^^^^m^mtz-^unixituihtsi^o 
1 X ^m^l^tJ:a>x\ K^k!fei*^JK^xe^4^v-v;uj3£S* 

-l±^fcA6C7)S«CDS®«ag(i. S^Ttci X Ifllit-Cfc^ 

[O 1 4 9] L3^l^L. >S;t^b*:KfcS i (10 0) cT)^ 
®f±. ^ai^-Scfcolc. 1 x2^fc(i2x i«iti:?^ci: 

y . S i (111) CDSMIi. 7X7 ^fz{t2 X 8«tat 
CD;*; ^ /j: m<i > ^> V 3. ^ -D^msmm^^ <i: /.f o r l ^ 

[oi5o]^tc. ztiih(Dm}^it^Mzs \ mmit. 

-r^;SJS (7 0 0°ciilJi) -e/i. a^4='C0^@:b*x. <t 



^zt{z^i)m^mmt<>^^^^. m^m^miH^o 
Lfc3fi<oT. mitmmmcDMf&izmLxit. ^.iti^izm 
Ajfzs i mm^wAr^'S^^t<i>^o 

[0151] zcDj^otiiztt^^^ s i mm^^miz^ 
UTomixmm^skm^mi- zttm^L L^o 

[0 15 2] z(Dyjmx\t. ^r. mmt<m»it^Mz 

s \mf^^^^^. meizTik-t^^Ji^^izii-j hLxM^ 
^i^^fcgHSL. MimiST.^mXL'O'DmmLX. 
10 ^mizs iMimS^mm-t^a ^^b14:«^x<t Lxii. 

;b<T*#^;!)<. ^Sl^fflL^T L^o s i ^^bi^JSfi. * 
««®*IIK^J. y^yktJiiit^^^mt^fzi5boia)x& 

s \mit^m(Dm^it^ o. 2-1 onm^js^t-r-s 
zttm^Li^o mtst<o. 2.nmmmxs>^t. S 

m(r>U^t<^^±ttj:^t^i^X^^o -tlS^I OnmctL 

[01 53] ±t^(Dl]UWt. 300-^7 00 °C(7)}^Jg 
IC. 0-1 0^FBlfiJg^^LT^T5o Z(D<h^. 

20 mt. 3 0-^7 o°cyi^^^]ktr^o }^]kt<MT^fz 

«-r?^<t. s i ^^b!Bg®;fi<l*<^i:y-r^TL^5o 
[0 15 4] K^bttiti^xcD^AIi. #j^(iK^btt:ti'xi: 

Lxmm^mi^^i*^. K^mp^^mi^ 1 x 1 0-7 1 

X 1 0-4TorrfIJgCDH^fcL. mimH^omXlz^ 

'>^t< <tt.««i£^(7)|IHft*CDKlg^l±A<1 X 1 
0-4^1x1 0-1 lorrttjiJiy^oiZLX^oZttm^ 

30 [0 15 5] -t^ex?!^. K^^^-c^jpfa-r-So m^mm 

(DS if^-^^mit. S i ^^b!t^®^cJ:^J«a^;K-CL^^^7> 

r% mWiS7.x&^mityKmt^itLxs i C7b<?^^^ 
;|^^7^i:<*:<7)>^§fe7^)<^^L?^i:L^o J!JPl^;SJgli, 6 0 0-1 
2 O 0°C. mz7 0 0-1 10 0°C^^^Ci:;b^$f^L 
l^o 6 O 0°C^aST*St>^<t. S i miBB^BSffig^fCl X 

m^B^^cDfa^^Bm^'SiKx L ^ 5 o 

[O 1 5 6] ;:^?L^T% Z r fc.t^/K^btt:y^X;^^^. Zr. 
40 ^&±^7e;* (S cJJcfcZ/Y^'^t;) fccl:i;Kibtt;b*X 

itrxfiT^ji^iSLfcs \ mitmm^i^7tL. m^r^zt 
iztj:^^ mmzmihLfzs im^miWzz r^^um 
m. ^fzitz ^±m7tmii<kifmmtz^i)^ i x i 

[O 1 5 7] aSttitfi. RHEED(ZJ;^^(7)/^^ — 

>xm^^ztt<x^^. m^it. $?*LL^«it-e&^ 
1 X 1 a)a®«ita)ii^. m^l«Alt:^fa]7£»< [i i o] 
T*[17 (a) Iz^-Tcfca^i: 1 f&^^C 1 h 'J 

50 -^M°^-><!:?^c*:y. AI*:^rS]^ [1-10] IZLX^ 
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(±. fzt?i{^ (10 0) ©CDif^l X 2^fz{t2x 1 T* 

^^(Si<DXm:f5\^ [110] [1-10] ^7)L^-rtL 

^tzitm-:^x% mi (b) IZi^^cfc-pJ^flf&li^C 
^ t2i^mmc2t^^-z>y^^~'>izti:^, ^x^(Dm 
mm^izni^xit. ±tBR H E E D(r>/^^—>x^x^ 
xmyjM^ [110] fccfci; [i - 1 o] (Dmyjx. 2 
^mmc2ti<^htitj:i^o 

[01 5 8] ^Cfc. Si (10 0) >t;ta®t 1 X 1 

^3^^^i11<:fc< 1 X 1 i }f;fST*t#^z^(±. 
[i^prtfe-efe-So 1x2. 2x1, 1x1 i^iTHcom^ 

[0 15 9] Z r . ^fcfiZ r ^3cfcl/*±!S7C*[i. C 
^a)®J*7E)<0. 3-1 Onm. ^^(z 3 — 7 nmfljg^t ^f-S cfc 

<7)tt*^JtA<0. 3nm^^-eii. S \ mitm<D'i^5t(D^^ 
t<-\-^{z%mx^^. 1 Onm^igx.^^«SI::J^^U^ 

fcj;y 1 X MSk^Xt;:<ti:^z.tt<&^o ±tSS I K^b 
!fellB(DJl^CO±ISa)i?^ LL\fil* 1 Onm<[: L^cSaii. 

^^bifeJS*+5^Uil7cr*^^i: < tJ:^'^mm<XX < 

[0 16 0] mim±*7.tLx^m^mi^^^^it. 2 

'-5 0cc/'t^fIJgtt|gt-'S)3<^;^^<^^^^LL^o ^^btt^^X 

[0 16 1] ^^bvJUzi-r^Aj^B. j&±^^^b:^^ll 

A^'-r■C^3!ttM¥7 - 9 3 0 2 4■^|zfcL^r^ilgLfc:^^£ 

to 1 6 2] K^bv;U=l-^A^Ii0J^Ji£lZ&tcoT 
li. ^-r. ^iR^iaf^^^o i5lcMH#^7)Jt]Pf^;S]^(i^^bv> 

L < . 7 5 0°ci^x±-cfetL(^*£B^Bttf3S;h.^c]K^<^# 

0°cla±■Cfe'SC<^3f}<$f^Ll^o m^^*ffia)iip 
f^;SJg(7)±IS[i. 1 3 0 0"cffJtT*Sb^o 

[0 16 3] ;:^^L^T% Z r t^— A^T*^)D^ 



mizj:t;c^±m7tm^^^Bim\z^^Lx. K^bv;u=] 

05-1. O Onm/s. J; yitf*L< (iO. 100-0. 

5 0 0nm/s<t-^^o iSJMi$jS7Ej<51-r .t^ffiilJS^^- 
[o 1 6 4] tx^^ mit^^±*:^o^mm. tcomt^m. ^ 
[o 1 6 5] mt^jji^zi -'^M.mmo>±iz^±mmt^ 

i^^izii. K^b vju=i -'tfj^jkmtmmcD^-^izMmts 
m^xm*k^^^tiz^ij^ mmLx^±mmit^W:m 

[0 16 6] y<UZ^^±'< hTifcB(Dfi^J^:^5^ 
^D:?X:b-< KTifeBi: LT B a T i 03JK^}^ia6"*"i) 

[0 1 67] mti>)[^::i-'^Jxmm^fzu^±mm.itm 

^B^jSKLtc^. JaSftfc<fcu:^^b11;b'X(7)»A^3^(t 

(i, B a : T i = 1 : 1 ttj:^ ^ o \zt ^ ^ tfl<n^ L 
30 L^o J$IHB*0||»Stea);^JSfccfci;iSM*D^a)B a/T 

i mi^mttit. Ba T i 03M(7>iEfp]ttic^s$:a(^ 

"To B a T i ^^bi^JUZi-'t^A^JS (Z r 1-x R 

x02- 5) fci:T/S i (10 0) ^^(Of^^ayjiiLmi^ 
7b<. ml5fEL^rJ?^Ll^g^^. ^''cf^*). BaT i O 
3 (O O 1 ) //Z r 1-x Rx02- (5 (00 1 ) //S i ( 1 
0 0). ;6^'OB a T i 03 [10 0] //Z r 1-x Rx02- 

d [1 oo] //s i [0 10] tti::^^5izt^tzisb\z 

it. BaT i 03i$MB*f3fcMt^^Df^;S]^(i8 O O- 1 
3 0 0°C. il?^L< fi9 O O— 1 2 0 0°C;^)^M^LL^o 
40 JiES*]0^a)B a/^T i ffi*&»ht(i. 1-0. 

T \ ittmmXtst^^fz^J^^t. J^^^tL^BaT i 

02m^^^ tt^ (0 0 ^) m\^xitts< (iio) 
l£fR](c/d:^A\ ^f-li (001) SSFrIB a T I ozmiz 
50 (1 1 O) SBrpIlfeBlA<;lfiLTL*5o fUR^mizlt. 
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[0 16 8] ^□::fx:^-< hT±feJB?^j$B#(7)jSMiSJS. 

[0 16 9] miti>ji^^-'^Jx^m'<^ih±mmtm^ io 
[0 17 0] nmMo^ ¥f? iyj}t i 

^;^)<$^*LL^o mm^COmm^^lt. 500-7 50°C 
«^(fP t»KlCfcL^r. (00 1) BBia]^gai4^ 

fc (1 1 1) ^\^m^^t<mx-r^:it^Nj<*^W:t^^ 
[0171] mmm^ i n ^^t^mitm^tzitmm^^ so 

[0 17 2] :4^^B^TMi. W/S^^JS;b<xe^^v-v;uM 
[0 17 3] fltlSaHK^S^^Sf 

^<mitt^fzisb. mmm^:m^t^fzi^\z^ '^wz^^t; 
cxmmmmizT-~)\^^m-r:ittm^Li^o t~- 

JUi, ST^L<(i3 0 0-8 5 0°C. cfcyii?^L<(±4 
0 0-7 5 0°C-e. $?*L<li1ife!>r0^-3O^PBl. cfcy 
^ff^L<li5-1 S^r^l^T^o 
[0 17 4] /ci:fc\ ^li^^T^:>^i:l^li'^-e^. 50 



rtcfcL^o ccDia#(7>7'-— ;ni. ii?*L<li3 0 o°c 

6 5o''cia±. ;^I^-3S^^L< (is 5 o^ciuT. cfcyj?^ 
L < (±8 o o°c^xTx. itf ^ L < 1 iK>rpi- 3 o^r^i. 
<^yiif*L<(i5-i s^r^ifTOo 

[0 17 5] 

[0 17 6] H^^JI 
4#M¥7-2 1 9 8 5 0-^, iff^¥7-2 4 0 6 0 7-^ 

\zuWL^Mz:^yii-^mm\.x^ \>xTa>^o\z)^xis(mn 

[01 77] mmiy^ ( 1 o o) mtti^^^o\z^m\^x 

mMmm^izs \m^^^^^^\- (it^2^>^) 

[0 17 8] H^ei?3fciSM^4xfc[l]tefccfci;jtinl»*ifll 

a^1 O-fiTorr^r-j-StSSfeTKV^ffC^ygfgtLfr^. I£ 

is^;t®^s \mim^mi^xmmt^tzit^ *ffi$2 

OrpmT'[H]|E^1J:, ^^g^SffiMififcy XJU3^)^ t> 2 5cc 
/'^cOfiJ'&T'^ALoo, 6 O 0°CfzjtiPf^Lyco CtLic 
i:ySIRa®A<f^^^b^tt, StS^SIzJ^^i^l nm(7)S 

[0 17 9] S5?L^T% gffi^ 9 O 0°CfCjtaSftL. HHe^ 

K^:«'X^2 5cc/:^c7)fiJ^-e^»AL. Mta3^=te±(3^ 
MZ r ^^^3I;b>b^f6^i±^C<h(Zj::lJ. Z r 0205 
MJ^(:i^S:LT5nm<b^i:^i;5(3-(±t*&L. 1 x 1 co«® 

[O 1 8 0] ^bfc. Ste;^jg^9 0 0°c. *tSlp]fe«fe 
^2 0rpm<*:L. b^*:tfX^ 2 5cc/:^C7)iiJ 

^■C»ALtcJt^SlT% S i aS^S^ffiSSIc^Sz r 
^M^.1i7^)^b^Si^■r^:I*^:(Zcfcy. 1 OnmCDZ r O 

[0181] :^L^T% Z r 02ffl^?^« Ltc^*5^^5|r 
S<S<!:LT. BaT i 03a^?i$j$Lfco 
9 0 O^ClcJbniaL. 2 Orpmtr[p]$E^-y:fc. Z(7)<b:^. 

y X;^7^)^b^*±•x^2 5cc/:^(7)fij^-tf»AL. S« 
±fz^MB a ^^MT i tim%^t^^m%^^^:zt 

f-cty. BaT i 03M^J^J$L/co «K*J]^(Zli. T 
i /-ilt^T i O2jgf7);¥^fz}^|fLr0. Srmtt^^^ 
3f3tt*&L, ^5^L^'C% jSfflliiJS^O. 05nm/s,tLTB 
a T i Ozma>W^\z^9-\^x Zrmttl^^oizT i 
<^IKB a ^^iiS&L. ;^L\T% J^KMilJ^^O. 2nm/sfz± 
[f. 1 O Onmc7)B a T i OsMit L. Si (100) /ZrO 
2(001) (10nm)/BaTi03 (001) (lOOnm) x 4^ v-V'JUtit 

[0 18 2] IZCOxe^^FvA'VUtjifrCO^IZ. 7 00 
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""CX-P t^m^mmLXP tJK^?^J$L. Si(100)/Zr02 
(001) (10nm)/BaTi03 (001) (100nm)/Pt(001) (100nm)xt° 

[0 18 3] zcoxe^^v-v;n*i^<*^^^ 
s«^Lr. ^^>mf^ OUT. PTti^o) ^mm 

O^CfzJPSftL. 2 OrpmT!li]$E^i±t-o "tLX. ECR 

L. ^^±\ZP bO, TiOx (x = 1. 67) ^^tt 
-e;h,^D^^;^i;^}^b^^^i±^c^^cJ:tj^ ptM^M/S 10 

Ltzo m%Mti^ibCO^fl!^\t^ P bO : T i OxCO'EJUt 

ECPb/Ti) =2. O 

[0 18 4] C(DPTjR(7)3fe&^ (H^tb) ^m^tXij*^ 
P b/T i = 1 . 0 0. 
F (Pb/Ti) = 1 . 0 0 

ct^^cC^CDT^ 20 
E CPb/Ti) F (Pb/Ti) = 2 . 0 0 

[0185] ^ t)l:ica>P TJBI-tf:i. P L TJB!^}^/?£ L 

^CfcJtiPl^L. 2 0rpmT*lH]tE^1±/co ^LT. ECR^ 

L. ^«±I^P bO. T i Ox (x = 1 . 6 7) tS^lS 

LTm^Mf^i^f'a mmm'^i^O^mfli^l^. PbO : L 

a : T i Ox(D=E)[^ttt^2 : O. 15 8:1 ttji^^o 30 

ECPb/Ti) =2. O 
<^ Lf-c 

[0 18 6] CCDP LTjR(7>Jfea/$ (H^it) It. 

(P b + L a ) /^T i = 1 . 0 0. 
P by (P b + L a) =0. 8 4 

F CPb/Ti) =0. 8 4 

ttj:^(DX% 40 
E (Pb/Ti) /F (Pb/Ti) =2. 3 8 

[0 18 7] z(;)MjSa)p L Tii. mi^X'^mw.i^x^ 

o 

[0188] ^bl3C£D±fC. PJmtP LJmt^'t 

^Jl^i^tLr. PT/p LTSlS'^Sffi^^itco prmcogt 

m^\t3 ^ tLtzo PTm(Om^it^ OmtL. PLT 
fll<?5Jl^ ^ li 0 . 5 nm. 0 . 8 nm. 1 . 5 nm. 2 . 5 nm^ 

fz\t^o. omtLx. PLTmm(Dmt^^ni^(o^m so 



[0 18 9] z^ibcDmmmm'^. xf&mjr. rhee 
1) iBiRixe^^v-v^ujgT^fe^z^A^fiisg^tLfc. ^ 

3(C. P LTjgc7)J^^;b<2. 5nmr*&^WJi»K(7>T E 
MI^M^^-To ll4fZltKcD/c4^)BII¥3 O OnmCOP b T 
i O2MB:<0T BM^WM'^Tjk-to m4X{t ( 1 O O) IH 
fRl^ (O o 1 ) SEfRitcDjl^^^-r Ky-r >«5^;!)<B-^(e 

m~\^^^>mmixi>^:^tt<t^t'^^. ^tz. pl 
Tm<Dm-^t^2. 5nmx&^^mmm^mzr:>i\x. ji 

S B 0610(Cck-5+,^¥l^ffi*R z (*tiS^5 0 0nm) 
^m^Lfzt:zh. ^mxo. SOm.mXX^. 25 
nm. H/jN-CO. 3 5nm-Z?&-3fco tLX. /lij^MRffC08 
0%liJlJi-eR z5f)<0. 6 OnmlilT-efc-^fc. ^tz. PL 

m^COS 0%l^l±-eR z^<0. 6 0nmiy.Tr*fe-:3fco 
[0190] ztLb(7)ag»^xe^^v^;u«]£ftcD 

fflL^T^E^5 O //m(7>A I ^^^Ji^^L. P t Kif)^ ^ 'J 

^iz^nLx^mmm<Uitt^^tti<t>t^':>fz. ms 
xit. PLTmiim<u^i^t*m^i^mt<mxL. pl 

^4^orL^^o :zo^^mi^i^it^^\zt^<mtifz=ba> 
[0191] cco^sS^;f)^t>. :$^^0JcO«®»l^-ef±. ± 

mt<3oom^^fM.]>jL±tmi^mii.xt (ood m-K 
[0 19 2] mmmz 

mmm^ tmmizLX. Si(100)/Zr02 (001)(10nm)/BaTi 
03 (001) (100nm)/Pt(001) (100nm) x t'^ ^ v^^Htat* 
^mtzo 

[0 19 3] ZCOJi\i^^iy^)\.m&i*i^mm^^tL 

T. p r -^mma^mti:^ zmop r^m^^>Mfj^ (la 

mt-^mmi^p p Tmtcoytmi^^mmLfz. ^mm^ 
ppTm<Dy(mmt3 i tL. miDtmrnz^mm^p 

PTm^UmLfz. 5^^mttP PTlK£7)J*$[i2 Onm. 
•^mmi^P P rmcomtSlt 1 nm*!: Lfzo 

[0 19 4] ^mm^p p rmommz^^Lxit. ^ 
rs mmm^(OPLTmMf$.^t^miz^ ^m^eoo 

°C(::jt)PfrftL. 2 OrpmT*lHlfe^-t±/-o tLX. ECR^ 

mm^i^^v^ti)\.mm:b*7.^^ occyi&cDm^xmx 

L. SIS±IZP bO. TiOx (x = 1. 67) fcctZJ^ 
P r ^^;K^4^(7)^^»^t,^^^i±i)Ct^C^I'J. P 
PTffi^J^J$Lt=o ^^^;bvbCD#t$^fi. PbO: P 
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r : T i Ox0=EJ[.itt<2 : O. 1:1 ttji^^^\zM 

ECPb/Ti) —Z. O 
t Lfco 

(P b + P r ) /-T i = 1 . 0 0. 
P (P b + P r) =0. 9 2 

FCPb/Ti) =0. 9 2 10 
E(Pb/Ti) /F(Pb/Ti) =2. 2 

[0 19 6] :z(^m^a>ppT\t^ ^;S-e5^Bimtt;T*fe 

-So 

[0 19 7] ^^mttP P Tj^(7)?i^fi£fZ[^LTfi. 
mi4 P P T IK <i: f^«^c^^^;!)^ b <7)#fcJfe&A< 
ECPb/Ti) =2. 0 

(tJ^f-Scfc^l^L/cA^. P b O : P r : T i OxCO^^UJt 
(i2 : O. 16:1 i: T^j: ^ 3 Ci^iJ^ L tzo 20 
[0 19 8] CCOP P TJKCDMidt fi. fef,;6N 

(P b + P r) x^T i = 1 . OO. 
PbX(Pb + Pr)=0. 84 

F(Pb/Ti) =0. 8 4 

E CPb/Ti) y F (Pb/Ti) = 2 . 3 8 

[0 1 9 9] CCDM^CDP P Tli, ^i^T^-S^mftr-fe 30 

[0200] CC^cfc5l3LT^#fc«Ji-^jK^. Xi^lHl 
Sr. RHEED. Sli^S^Mma (TEM) tlS(z J: y 

-r>(7) (00 1) SErSlC0ie^^vA';uM-efe^C<!:;6^ 

mm^M'o ^fz. c(7)ali^^Bl^®lzoL^r. jis b 

0610fz^^H-^.^j^ffi^R 2 (Sm:^^5 0 0nm) 
SLfc<bZ5. ^t&l-eo. 4 2nm. 1 . 5nm. Jl 

/h-CO. 1 4nm-efcotzo ^LT. /lij^^RFrO) 8 O 
±X*R z A<0. 6 OnmlMT-rfcofco 40 
[0 20 1] ZCOWHSSBIIZOLXT. Slffi^Ji tlsl^fz 
LT?iS5^^^^;liJSLtri:Z;?). 2 5 C/cm2 & y , 

[0 2 0 2] ^Sfe^J3 
mmm^ tmmzLX. Si(100)/Zr02 (001)(10nm)/BaTi 
03 (001) (100nm)/Pt(001) dOOnm) x ^ v-v;ufl|jii*; 

[0 2 0 3] ^(DJi)z^^iy^)\.m^i*^'^mmm^tL 
p r^mm(Dmti::^2m(DPPTm^scmzmm 
m'i(o^mm^ppTmtm2(D^mmi±ppTm so 



ct(;)giJBi*^fl$fi£Lfco mi co^tsmttpPTKowB 

Sljfi3 1 <1:L. S^;]<hS^fcmi a)5^ei^ttPPTBI^ 

mj^Lfzo m^<D^mmi^ppTm(o^^^\t2om. % 

2CD3igimi4P P TMcOJ^^Ii 1 nm<b L^Zo 
[0 2 0 4] mi CD5t^mttP P T^fi. IIJ£^j2a)P 

PTjgJ^jJ;B#i:l^«(z. ^i&;J^A^t>a)ift^^li 
ECPb/Ti) =2. 0 

<b:?^^i;5lZL/rj()^. P bO : P r : T i OxO)^^H± 
Ii2 : O. O 5 : 1 <!:7^^J;5(Z$IJ^L^-o 

[0 2 0 5] ccDP PTflt(7>iiaj?£ (J^^it) (i. fet>;^)^ 

i: 46 c <7)^#-c^3fe X ^ y p-<-c y . 

(P b + P r ) /T i = 1 . 0 0, 
P b/ (P b + P r) =0. 9 5 

F CPb/Ti) =0. 9 5 

ECPb/Ti) /F CPb/Ti) =2. 1 

[0 2 0 6] :L<r>m.WL<r>PP^\%^ ^;S-c3iKm<*T*fc 

[0 2 0 7] m2i7)5i^^ttpPTi^(i. mia)3^ei^ 

'ttPPTlKJ^^B#i:f5l:^|c. m%Wt^y:><J>^^^\'t 

E CPb/Ti) =2. 0 

(t^dT-Scfc^lzL/cA^. P b O : P r : T i OxflO^^Uhb 
(i2 : O. 1:1 <t^i:^c*:3(z$iJ^L^-o 
[0 2 0 8] zcdpptMcdj^jS: (I^^it) [±. ibb;^)^ 
i: 46 cDlfeft^T*S3^ X H^fif (z <fc y iS3-<-c fc^ y . 

(P b + P r ) /T 1=1. 0 0, 
P b/ (P b + P r) =0. 9 2 

F CPb/Ti) =0. 9 2 

ECPb/Ti) /F (Pb/Ti) =2. 2 

[0 2 0 9] ^(DMj^icCDP p T(i, M;ST*^gim*-e3b 

[02 10] Z^m^mmmt:. XISIhISt. RHEED. 
i^i^m^S$5l[i* (TEM) «ISfzJ:yi^-C^-JB^, 
±lzff$J?£L/c»lMa)-r-<-C;!)<^- hV-<><7) (00 1) 

/c, ca)^^tJS^m*®^z':)L^r. jis b 06iO(cj;^+i^. 

¥t^ffl^Rz (»lifi^5 0 0nni) ^;liJ^LfztC^. 
¥i^"eO. 3 2nm, SXTM . 3nm. S'hTrO. 2nmT* 
feofco -^LT. ;|ij^®H^a)8 0%ia±T*R z;b<0. 6 
Onmiy.T"C?feotco 

[0 2 1 1] ;zcDStJi»JKfzoLxT. SlJfe^JI tf^^lz 
LTglig^i^M^iilSL/c^brC:?,, 3 2 G/cm2-cfe y , 

[0 2 1 2] ^£^b\ ±SB#IIJfe^Jlzfcu\r. Ifes^tt^fBl 
^^^Oitffitali. 1 X 1 o7QcmJa±-e&otro 
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im 1 ] (P b T i 03) MIM(0~'^jtlK^^t 

[i§i2] (a) . (b) fccfcy: (c) it. mt^^^^t 

msl fgB^fltat^Sf ElSftffl¥ST^&oT. Si (10 
0)/Zr02 (001) (10nm)/BaTi03 (001) (lOOnm) /Pt (001) (lOOn 
m)mm±lzmi&LfzPT (1 Onm) /PLT (2. 5n 10 

0)/Zr02 (001) (10nm)/BaTi03 (001) (100nm)/Pt(001) (lOOn 
m)S;te±l^}^f$LfcPT (P b T i 03) m (3 0 on 

m) (Dmmmm'^m.Wi^^Mx^^^o 

[^5] Si (100)/Zr02 (001) (10nm)/BaTi03 (001) (lOOnm) 
/Pt(OOI) (100nm)^te±f3j^J$LfcP T (lOnm) yp 



[!17] (a) fil X 1 a)S®«iiiDRHEED/^5'- 
:y^7r.-rm^mxh^J. (b) 1*2x1. lx2fe^L^ 

1 a M^m 
2 

[H]tE*ft 

P bOM%^ 
T i Ox 



3 
4 
5 
6 
7 
8 
9 

1 O 



[^1 ] 




-4 -2 0 

-ifeitJK^ (GPa) 



15] 




4 6 8 

PLTDO» <nTn) 



(b) 



(c) 



jftJUt 
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[Has] ¥($9^5^ 1 5 a 
miEnnimm^'i mm 



[1^3] 




i^m^iE 2 ] 
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